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Abstract 
In chemical sensors, polymers are frequently used as inert matrices to support chemical indicators, keeping the molecules apart to 
allow for exposure to analytes. However, the partitioning properties of polymers can play a significant role in determining the 
properties of chemical sensors. Herewith, the properties of two dyes blended with different polymers have been studied through 
optical absorbance changes elicited by the exposure to organic vapors. Results show that the partitioning properties of polymers 
modulate the response of the dyes and confer a broader selectivity to the system, allowing for qualitative analysis of the tested 
vapors. 
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1. Introduction 
The dispersion of optical indicators in polymeric matrices is a common method to retain the indicator in place 
and to favor at the same time the diffusion of analyte molecules to the sensing molecule. Polymers, thanks to their 
partitioning properties, contribute to the overall sensor performances. Even though partitioning effects are non 
selective in principle, they can be efficiently oriented, through a careful functionalization, towards different classes 
of airborne compounds as demonstrated by the several applications of polymers based gas sensor arrays1.  The 
chemical sensitivity of polymers can be exploited in chemical sensors measuring directly the amount of absorbed 
gas, such as in mass transducers2 or with larger efficiency including in the polymeric matrix an active molecule 
transducing the absorption in a measurable quantity. This is the case of composite polymers where small amount of 
carbon black allows to transduce vapors sorption into conductivity changes3. 
We illustrate herein an analogous mechanism considering an array of sensors formed by optical indicators 
dispersed in different polymers. Herewith, polymers are optically inactive while, as a consequence of the interaction 
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with volatile molecules, dyes may undergo a color change. Therefore, the role of the polymer is to selectively 
determine the type and the amount of analyte that permeate the matrix and interact with the sensing molecule. 
Because of their lipophilicity, polarity or presence of ionic sites, polymers can modulate the permeability and then 
the sensitivity of sensing layers. The role of color indicators is to transduce the chemical adsorption in optical 
transmittance changes.  
In the experiments here illustrated, the spectral modifications of dyes were measured by the Computer Screen 
Photo-assisted Technique (CSPT). CSPT uses computer peripherals to probe spectroscopic properties of materials4. 
In particular, a computer screen is used as a programmable light source, while a camera is used as detector. 
Differently from carbon-black composite polymers, a CSPT platform allows to access simply and simultaneously a 
large number of individual sensors, whose number is ultimately limited by the number of pixels of the image 
detector. Then, in such system, a manifold of chemically sensitive dyes can be utilized and imaged at the same time, 
increasing the number of different sensors that can be prepared. In this work, several combinations of dyes and 
polymers were considered in order to fully exploit the polymer partitioning properties and increase the 
discrimination capability of the system.  
2. Experimental  
In the experiment described below, two tetrapyrrolic indicators were used (the acronyms used through the text are 
given in brackets), the (5,10,15,20-tetraphenylporphyrin)zinc [ZnTPP] and the (5,10,15,20-tetraphenylporphyrin 
chloride)iron [FeTPP]. The porphyrin molecules were dispersed in four different polymeric membranes based on 
poly(vinyl chloride) (PVC) high molecular weight, poly(dimethylsiloxane)bis(12-hydroxystearate) terminated 
(PDMS), aromatic polyurethane (PU) and a hydrophilic thermoplastic polyurethane (TPU, Tecoflex SG-80A). Some 
of them were used with plasticizer, either bis(2-ethylhexyl)sebacate (DOS) or tris(2-ethylhexyl)phosphate (TOP), as 
summarized in table 1. 
Table 1. Summary of polymers used in the membranes. Two porphyrin indicators were dissolved in each polymeric matrix. 
Membrane Polymer Plasticizer Composition wt% (porphyrin:polymer:plasticizer) 
1 PVC DOS 1:33:66 
2 PVC TOP 1:33:66 
3 PDMS DOS 1:33:66 
4 PU DOS 1:33:66 
5 TPU not used 1:99 
 
Polymer-dye mixtures were dissolved in tetrahydrofuran and spotted onto a 25 mm diameter Thermanox plastic 
coverslip (Nunc). The sample was imaged with the CSPT transduction platform. This consists of a standard LCD 
computer monitor (Philips 1704S), used as programmable polychromatic light source, and a computer camera 
(Philips SPC900NC). The experimental arrangement is shown in Fig. 1, together with the spotted membranes as 
imaged by the webcam under a white illumination. The sample was exposed to organic vapors, such as acetic acid, 
ethanol, trimethylamine (TMA) and nitrobenzene, diluted in a nitrogen flow. Three different dilutions, namely 10%, 
20% and 30% of the saturated vapor, were presented to the sensors, while for TMA concentrations of 150, 300 and 
450ppm were considered . During the exposure, the substrate was illuminated with a sequence of pure red (255 0 0), 
green (0 255 0) and blue (0 0 255) colors, with the camera recording the image intensity in its three channels with a 
sampling time of 5 seconds. It is worth to mention that this kind of measures provides a total of nine values, three 
for each illumination color. Nonetheless, only six of them can be considered physically meaningful5. A number of 
regions of interest (ROIs) corresponding to the spotted areas was defined, and for each ROI the average signals were 
calculated. The time evolution in the camera channels was referenced to zero, by subtracting the first value of the 
measurement. Selected features, such as the maximum value of the response and the time constant of the transient 
phase, were calculated and used for further analysis. 
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 Fig. 1. (a) Schematic diagram of the optical transduction platform based on CSPT. It consists of a computer screen as light source and of a 
camera, as detector. (b) Image of the array acquired by the camera under a white illumination. Italic labels indicate the ZnTPP indicator, while 
remaining labels are for spots containing the FeTPP indicator. For PVC, label 2 refers to the membrane with the TOP plasticizer. 
3. Results and Discussion 
As expected, the exposure to gas elicits distinct responses from the various spots. This can be observed in Fig. 2a, 
where the dynamic response of the spot based on ZnTPP embedded in PU is plotted against the response of PVC. 
Although the indicator is supposed to transduce the coordination with the analyte with identical absorbance changes, 
these curves deflect from the bisector because of the polymer effect. It is worth to notice the peculiarity of the 
trajectories followed by each substance. While ethanol and acetic acid give rise to similar variations in both the 
polymers, for TMA and nitrobenzene a bigger response is found in PVC layer. The different partition of substances 
in the polymeric layers leads to a response pattern that depends exclusively on the physicochemical properties of the 
polymers. The response pattern of ZnTPP-based polymeric matrices is shown in Fig. 2b. Each bar represents the 
mean and the standard deviation of the maximum values recorded for the measured vapors. The intensity of the 
response appears to be modulated by the polymer, hence the use of only two indicators would suffice for the 
discrimination of vapors. 
Fig. 2. (a) The time evolution of the response of spot based on ZnTPP-PU is plotted against the response of ZnTPP-PVC. This allows to 
appreciate the differences in the behaviour of the polymers. The intensity shown is calculated as the mean of the changes in the green camera 
channel responses. (b) Response pattern of all the polymeric matrices based on ZnTPP. 
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Features extracted from the six meaningful signals concerning the two indicators in the five polymers were 
analyzed by Principal Component Analysis6 (PCA). The scores plot of the first principal components shows the 
separation of tested volatile compounds (Fig. 3).  
  
 
Fig. 3. Scores plot of the first two PCs shows a rather clear separation among the tested vapors. 
4. Conclusions 
Besides providing an efficient support to retain the optical properties of chemical indicators, polymers can greatly 
affect the sensitivity and selectivity of the resulting optical chemical sensors. 
In this paper, this property has been investigated in order to provide an additional degree of freedom of chemical 
sensor arrays where the differentiation of selectivity of individual sensors is a strong requirement. Results indicate 
that it is possible to exploit the partitioning effect of different polymers to extend the range of selectivity of color 
indicators. This result offers a simple and efficient methodology to increase the number of sensors maintaining the 
same number of chemical indicators. Finally, it has to be observed that polymers often operates a selection among 
those volatile compounds which are rather undistinguishable from a pure optical sensing approach. This could be the 
case of aliphatic alcohols that are expected to elicit the same optical change regardless the aliphatic chain length, on 
the contrary, a selection among different chain lengths can be operated by a suitable choice of polymers. 
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